Objective: The California tobacco control program enacted in 1988 has been associated with declines in smoking and heart disease mortality. Since smoking also causes lung cancer, we investigated whether the program was associated with a decline in lung and other cancer incidence. Methods: Age-adjusted incidence rates of lung and bladder cancer (which are caused by smoking) and prostate and brain cancer (which are not) in the San Francisco-Oakland (SFO) Surveillance Epidemiology End Results (SEER) registry and other eight SEER registries from 1975 to 1999 were fitted in multiple regression analyses accounting for the time lag between program implementation and its effects on cancer incidence. Cigarette consumption over time was also analyzed and related to lung cancer incidence. Results: With a one year lag, the incidence of lung cancer in SFO, relative to eight other SEER registries, fell significantly below that predicted from the pre-1990 rates, by )0.981 (cases/100,000/year)/year (p ¼ 0.001). With a three year lag, the incidence of bladder cancer fell by )0.234 (cases/100,000/year)/year (p ¼ 0.066). No association of the program was observed on prostate or brain cancers in SFO. During the first decade, the Program was associated with about a 6% reduction in lung cancer incidence; state-wide that corresponds to about 11,000 cases avoided. Conclusion: A comprehensive tobacco control program is associated with a lower incidence of lung cancer.
Introduction
In 1988, California enacted a comprehensive tobacco control program [1] that attacked the tobacco industry and stressed clean indoor air and policies to create smoke-free environments [2] . The program accelerated the decline in both smoking prevalence [3, 4] and per capita cigarette consumption [5, 6] compared with the rest of the United States. The decline in cigarette consumption was associated with a similar drop in heart disease death rates [5, 6] , consistent with the fact that the risk of heart disease death falls rapidly after smoking cessation [4] .
Lung cancer is the second most diagnosed cancer and the leading cause of cancer death in the United States [7] . In the United States, the incidence rate began to decline for men after 1990 and leveled off for women in 1997 [7] [8] [9] . With the vast majority of lung cancer caused by smoking, one would expect to see a similar association of the tobacco control program on lung cancer as was observed for heart disease [5, 6] , allowing for an appropriate lag between changes in cigarette consumption and cancer incidence.
Consistent with this expectation, a faster drop in lung cancer incidence in California has been documented. Jemal et al. showed that lung cancer death rates in young adults (age 30-39 years) fell in states with high tobacco control efforts at a time that they were increasing in states with low tobacco control efforts during the 1990's [10] . They reported that California had an 18% decrease in the lung cancer rates from the 1990-1994 to the 1995-1999 period [10] .
The Centers for Disease Control and Prevention (CDC) reported that lung cancer rates in California fell faster than the rest of the United States during the period 1988-1997 [11] . In addition, according to the California Department of Health Services, lung cancer incidence rates decreased 19.5% in the 1988-1999 period; in 1999 the rates in California were 10.4% lower than the national incidence rate [12] . The confidence with which these reports could attribute the changes in lung cancer rates to the tobacco control program was limited, however, because there were no statewide data available prior to 1988 when the California Tobacco Control Program started to establish baseline differences or pre-existing trends in cancer incidence. We sought to do a comparison that took into account long-term trends in cancer incidence that predated creation of the tobacco control program.
There are data on cancer incidence available since 1975 from the Surveillance, Epidemiology, and End Results (SEER) database (http://seer.cancer.gov) for nine geographical areas, including the San FranciscoOakland (SFO) area in California. Using the same analytical approach as the earlier study of the relationship between the California Tobacco Control Program and heart disease [5, 6] , we used the SEER data to test if the Program was associated with the decline in lung cancer incidence. This same model was used for bladder cancer, another smoking-caused cancer [8, 12, 13] , and prostate [14, 15] and brain and other nervous tissue cancer [16] , which are not caused by smoking. These results substantially strengthen the earlier conclusions [10, 11] that tobacco control programs not only reduce smoking, but have a substantial effect on lung, and, perhaps, other cancer incidence.
Methods

Data
We obtained crude and age-adjusted incidence rates for lung (and bronchus) cancer, bladder cancer, prostate cancer, and brain and other nervous tissue cancer from the SEER database for the nine geographical areas with data since 1975: the states of Connecticut, Iowa, New Mexico, Utah, and Hawaii; the metropolitan areas of Detroit, Michigan, and SFO, California. SFO includes Alameda, Contra Costa, Marin, San Francisco, and San Mateo counties [17] . None of the eight SEER geographical areas outside SFO had tobacco control programs. Using age-adjusted lung cancer incidence controls for changes in the age distribution of the population over time as well as population growth.
To estimate the association of the program on tobacco consumption we selected per capita cigarette sales [18] . We obtained population data for the US from the National Center for Health Statistics [19] and for California from the California Department of Health Services [20] , and for SFO from SEER [17] .
Statistical Analysis
We modeled the association of the Program as a linear increase in effect over time after the Program was enacted in 1988 allowing for a time lag before changes in cancer rates are manifest. Rather than simply doing a traditional time series analysis of the SFO data, we used the lung cancer incidence rates (as a function of time) in the non-SFO areas as independent variables in the regression analysis. (This analysis is precisely the same approach used in the earlier analysis of the association between the California Tobacco Control Program and heart disease deaths in California [5, 6] .) Using ageadjusted lung cancer incidence outside California as independent variables in the analysis provides a better control for underlying secular trends in cancer incidence, changes in smoking and other risk factors in the US population as a whole, changes in rates of diagnosis, and other unknown factors. We do not treat cigarette consumption as one of the explicit independent variables in the regression analysis to predict trends in lung cancer incidence. Rather, the differences in cigarette consumption patterns between SFO and the other SEER registries are implicitly accounted for by using lung cancer incidence rates in the other SEER registries as independent variables in the regression equation for SFO. Doing this (as opposed to including cigarette consumption directly) also implicitly integrates the effects of the lag between changes in smoking behavior and lung cancer risk in the model.
Similar to the earlier analysis of heart disease [5] , we used the regression equation:
where I i ðtÞ is the age-adjusted cancer incidence rate in year t at location i, and [5] because it accounts for the lag effect that is seen with cancer, but not with heart disease.) If there is no lag, k ¼ 0, and the cancer rates would start to change as soon as the Tobacco Control Program began. To select the appropriate lag, we conducted a stepwise regression to predict lung cancer incidence in SFO in which we forced the lung cancer incidence rates for the eight other SEER registries into the model, then allowed the algorithm to include a lagged effect for the Program with lags ranging from )1 to +5 (i.e. putting the effective t ¼ 0 point for Program effect at 1987-1993).
For lung cancer, to test whether it is reasonable to associate a significant value of b TCP with the California Tobacco Control Program, we modeled the incidence rate for the other 8 SEER registries using the same equation, excluding SFO. Our hypothesis was that if we would include the Program in the regression equation of the other registries, b TCP would not be statistically significant. For example, for Connecticut,
All comparisons were done with the same lag k identified from the SFO data. Given that we did m ¼ 9 comparisons for lung cancer, we adjusted the P-values for the family of 8 comparisons with 1)(1)a) m where a ¼ p associated with b TCP and m ¼ 9. All p-values are double-sided.
We did separate analysis by gender to account for possible gender differences in lung cancer incidence. In addition, during the period of time the Program was in effect there was a substantial increase in California's Hispanic population, which has lower smoking and lung cancer rates than non-Hispanic whites [21] . To investigate whether the changes in lung cancer incidence we observed were an artifact due to the increase in Hispanic immigration, we conducted a separate analysis for nonHispanic whites only.
We estimated the cases of cancer prevented by the Tobacco Control Program by calculating the difference in the age-adjusted incidence in SFO and the predicted rate in the absence of the Program obtained by setting b TCP to 0. For each year we multiplied this difference by the ratio of the crude rate to the age-adjusted cancer incidence rate for SFO to estimate the number of cases prevented for that year, then summed these crude differences over time. We calculated the percentage of cases prevented by the Program each year as 100% minus the ratio of the actual age-adjusted incidence by the predicted rate if the Program had not been instituted.
We did a similar analysis for the relationship between the Program and the incidence of bladder, prostate, and brain cancer for SFO only. Since we only did one test for each cancer site, we did not adjust the P values associated with b TCP . The lag k was optimized for each cancer site separately.
In addition, we report changes in cigarette consumption in California associated with the Program. Similar to the earlier analysis [5] , we used the per capita cigarette consumption in the rest of the United States (excluding California), together with b TCP L 0 (t) to model the effects of the Program.
Results
Lung cancer
The best model fit for lung cancer incidence in SFO was the one with a k ¼ þ1 year lag. Our model provided an excellent fit for age-adjusted lung cancer incidence in all SEER registries, with correlation coefficients between 0.77 and 0.98 (Table 1 and Figure 1 ) and no significant evidence of serial correlation in the residuals (DurbinWatson statistics between 1.5 and 2.6). The California Tobacco Control Program was associated with a significant decrease in the age-adjusted incidence rate for lung cancer. b TCP = )0.981 (cases/ 100,000/year)/year (p ¼ 0.001), indicating that after the introduction of the Program, there was a significantly greater rate of decline in the age-adjusted lung cancer incidence rate in SFO beyond what would be predicted from the historical relationship between the incidence in SFO and the other eight SEER registries before the Program was implemented (Table 1 and Figure 1) . b TCP was not significant in any of the other eight SEER registries (Table 1) where there was no tobacco control program. This result supports the conclusion that the significant result in SFO is due to an association of the Program with lung cancer rates and not a statistical artifact.
For females, b TCP = )0.775 (cases/100,000/year)/year (p ¼ 0.001) and for males b TCP = )2.836 (cases/100,000/ year)/year (p ¼ 0.001), indicating that the program was associated with the decrease in age-adjusted lung cancer incidence in both genders. Regarding non-Hispanic whites, the magnitude of the Program association was similar to that observed in the entire population: b TCP = )0.766 (cases/100,000/year)/year (p ¼ 0.001). Thus, it does not appear that the result we found was due to the increase in the Hispanic population.
Bladder cancer
For bladder cancer, the best model was the one with a k ¼ þ3 year lag. b TCP = )0.235 (cases/100,000 /year)/ year, which approached statistical significance (p ¼ 0.066).
Non-tobacco cancers
There was no significant association between the California Tobacco Control Program on the age-adjusted incidence of prostate (p ¼ 0.334 for b TCP with a two year lag) or brain (p ¼ 0.078 for b TCP with a five year lag) cancers, which are not caused by tobacco.
Cigarette consumption
The percentage reductions in lung cancer over time tracked the reduction in cigarette consumption, with some lag and with the effects accumulating over time (Figure 2 ). The regression equation for per capita cigarette consumption in California was CA ¼ )54.5 pack/yr + 1.23(US-CA) ) 0.794L 0 (t), where CA ¼ California per capita consumption and (US-CA) ¼ per capita consumption in the rest of the US.
Lung cancer cases avoided
The total number of cases avoided for lung cancer in SFO over the ten year period from 1989 to 1999 was 2036, about 6% of the total number of cases; in the last year of our analysis (1999) we estimate that approximately 14% of lung cancer cases were avoided (Figure 2) .
Even though there may be some demographic differences between SFO and the rest of the state, the changes in cancer incidence are closely related to state-wide patterns. After 1988, when statewide data are available, there was good correlation between incidence rates for lung (r ¼ 0.96) cancer in the SFO area. Given that the Program is statewide and assuming that the percentage reduction in cancer incidence also applied statewide, we estimate that the California Tobacco Control Program was associated with about 11,000 less cases of lung cancer statewide in 1989 through 1998. As indicated in Figure 2 , this effect grew over time. 
Discussion
In this study, using the SEER database, we found that the California Tobacco Control Program was associated with a significant acceleration in the decline of incidence of lung and probably bladder cancer. Despite the fact that the lung cancer rates in California were already decreasing before the Program was introduced in 1988, the Program came to accelerate this decline, leading to a higher number of cases prevented. Our results are consistent with previous findings of a decline in the incidence of lung cancer in California [10] [11] [12] , and substantially strengthen the case that the Tobacco Control Program accelerated the decline in cancer incidence because we account for long-term secular trends that were established before the Program was created, changes in underlying patterns of disease incidence and diagnosis, and include ''control'' groups in two ways. First, that the California Program was not associated with changes in lung cancer incidence in locations outside California. Second, that there was no association with the age-adjusted incidence of two nontobacco caused cancers -prostate and brain -inside California. These results compliment the earlier work that demonstrated that the Program was associated with a decrease in the death rate from heart disease as well as in the smoking prevalence [3, 5, 6] . One might argue that the changes in cancer incidence we find associated with the Tobacco Control Program begin to appear too soon after the implementation of the program, given the lag between exposure and development of cancer. Eighty to 90% of lung cancer [13] cases are attributable to smoking. According to the 1990 Surgeon General's Report on the Health Benefits of Smoking Cessation [22] the risk of lung cancer decreases after smoking cessation, falling to 30% to 50% of that of a continuing smoker by ten years [22] . Recent studies demonstrate that the risk of lung cancer begins falling relatively soon after smoking cessation. Analysis of the prospective American Cancer Society CPS-I data set shows that excess lung cancer risk begins falling soon after smoking cessation, falling by 10% in the first two years and by 40% in five years [23] . Data from the prospective Nurses Health Study [24] found a decrease in lung cancer risk in former smokers compared to current smokers. A 60% decrease in lung cancer risk was found as soon as two years after quitting, with the decrease in risk increasing over time. Prospective data from the Iowa Women's Health Study agree with these findings [25] . Even in old studies [26] based on purely epidemiological observations in which many people stopped smoking because they were sick (in which the risk of lung cancer increased during the first year following cessation), there was a 22% drop in risk by year four (compared to years 0 and 1 following cessation). These studies report larger drops in risk than we observed. With a longer period of abstinence there is an increasing decline in risk, which is also reflected in our results (Figure 1 ). This lag may also explain why the cancer rate is still falling below what was predicted without the Program, even though effects on consumption were dropping off (because of cutbacks to the Program [1] ). The change in lung cancer incidence is consistent with what would be expected based on individual risks associated with smoking (Figure 2 ), particularly after considering the fact that there is some lag between the decrease in cigarette consumption and cancer incidence [8] .
Bladder cancer incidence rates also fell in California from 1988 to 1999 [12] ; rates decreased 12.4% (from 21.7 to 19 cases per 100,000 persons). As with lung cancer incidence rates reported previously [10] [11] [12] , one cannot attribute this entire decrease to the Tobacco Control Program because of differences in baseline rates and secular trends between California and the rest of the United States that were established prior to the Program. The marginally significant acceleration in the rate of decline in bladder cancer incidence we found associated with the Program, however, suggests that there was an effect. The smaller effect we found for bladder cancer is reasonable since the risk of bladder cancer associated with smoking is much lower than lung cancer. The relative risk of bladder cancer is only 20-25% that of lung cancer (6 and 25, respectively [13, 27, 28] ).
Biological plausibility
Our results are biologically plausible. We first found an acceleration of the decrease in lung cancer incidence about two years after the program started. Six months to one year after quitting there is a decrease in biomarkers of lung epithelial cell proliferation. The rate of lung epithelium metaplasia (a pre-cancerous lesion [28] ) declines significantly six months after quitting [29] . Cell proliferation markers (Ki-67 BLI, Ki-67 PLI, and metaplasia index) significantly decreased one year after quitting [30] . Consistent with these biological results, the epidemiological data indicates about a 40% decrease in lung cancer risk five years after quitting compared to current smokers [23] [24] [25] . Our second, subsidiary, analysis (Figure 2 ) that relates the changes in lung cancer incidence with changes in cigarette consumption shows that the magnitude of the changes in lung cancer incidence were consistent with and lagged behind the changes in cigarette consumption on a state level. Adult smoking prevalence decreased in California from 22.8% in 1988 to 18.0% in 1999, a 21% decline, most of which occurred in the first five years of the program [31] . Therefore, we would expect about a 8% (40% · 21% ¼ 8%) decrease in the lung cancer incidence over the period we analyzed, which is similar to the 6% decrease found in our study.
Limitations
Our study has several limitations. The SEER database is based on data from selected geographic regions, therefore it might not represent incidence rates nationally or statewide. The statistical model we use does not explicitly allow for lags between onset and quitting smoking and changes in cancer incidence. In interpreting our results, it is important to emphasize the fact that we do not conclude that the entire effect of the reduction in lung cancer that we detected appeared in just two years. What we find is that the incidence begins to deviate from what would be expected based on the historical relationship between SFO and the other SEER locations two years after the California Tobacco Control Program was implemented. This finding is consistent with both epidemiological observations on patterns of individual risk following smoking cessation as well as recent biological evidence.
This study seeks to investigate the association between the overall California Tobacco Control Program and cancer incidence. The Program itself included many elements, including a tax increase, mass media campaign, development of smoke-free policies, school programs, and direct cessation. This analysis does not seek to determine the relative importance of these different programmatic elements on cancer incidence. In addition, some of the changes in cancer incidence are probably due to smoking cessation, others due to reduced consumption among continuing smokers, and some due to reduced second-hand smoke exposure. Our analysis does not distinguish between these effects. This ecologic analysis is based on changes observed in the entire population rather than changes in smoking behavior and second-hand smoke exposure at the individual level [32] . Despite this limitation, our analysis is suitable for detecting an association between the tobacco control program and smoking-induced cancer incidence.
Conclusion
In conclusion, a comprehensive tobacco prevention and education program is associated with a lower incidence of lung and bronchus cancer and, probably, bladder cancer. The fact that the California Tobacco Control Program was not associated with reductions in the incidence of cancers not caused by tobacco or reductions in lung cancer incidence outside California increases the confidence we can have in the estimate that the Program was associated with 11,000 less cases of lung cancer during its first decade. Funding for comprehensive state tobacco control programs is being cut nationwide [33] . Our results suggest that these cuts will mean more cases of lung cancer as well as more heart disease deaths [5, 6] .
